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Some of the current results of the Arizona Expedition,' which lasted over 
a period of almost two years, from October, 1931, to the end of July, 1933, 
have already been published.”*** A systematic investigation of the 
huge amount of material is still in progress, with the view of obtaining a 
first rough picture of the meteor universe as defined by the laws of distribu- 
tion of the directions of motion, of the masses and of the velocities of the 
meteors. The study of meteor heights, completed recently, represents one 
of the more important preparatory steps preceding the final discussion. A 
grant from the J. Lawrence Smith Fund of the NATIONAL ACADEMY OF 
SCIENCES provided for clerical assistance. 

About 22,000 individual meteors were recorded during the Arizona Ex- 
pedition; of these 3540 were observed simultaneously from two stations 
about 36 km. distant, and therefore their heights could be calculated. A 
brief summary of the statistical analysis of the Arizona heights is given be- 
low. The full discussion will be given elsewhere. 

In identifying meteor observations obtained by two independent ob- 
servers, time is the most important criterion of identification. From the 
common meteors the probable error of a time record (obtained with the aid 
of a stop watch) was found equal to 0.8 second. Such a precision of the 
time records, supplemented by other criteria of identification, made the 
identification of common objects a comparatively easy task. The im- 
purity of the final list, or the fraction of spurious identifications (accidental 
coincidences) may be estimated at about 0.5 per cent. 

The heights were calculated by a semi-graphical, semi-tabular method, 
specially adapted for treating a great number of observations made in fields 
which are fixed relative to the horizon. 

Three heights were computed for each meteor. For the center of the 
trail, the height was calculated from the absolute parallactic displacement 
of the two observed centers (for accurate observations, the displacement is 
equal to the angular distance between the centers). For the beginning 
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and the end of the trail, a different method was used: the parallactic 
displacement was measured along the parallactic circle, from the point 
on one trail to the intersection of the parallactic circle with the other trail, 
or with its extension. The heights of the center proved to be statistically 
more accurate, and more complete than the heights of the end-points; 
the accuracy of the latter depends considerably upon the direction of the 
meteor. For directions forming a small angle with the direction of the 
parallactic displacement the heights of the end-points could not be used at 
all. Unfortunately, the method of taking the absolute distance as the 
parallactic displacement seemed not to be well adapted for the end-points 
on account of a large accidental error in the observed length of the trail 
(the observers actually may see different portions of the trail). Altogether, 
heights of the center were computed for 3540 meteors; of the point of 
appearance for 2840 meteors; and of the point of disappearance for 2817 
meteors. 

The method of calculating mean heights used for this material is different 
from the method commonly used. Because of the fact that the observa- 
tions refer directly to parallax, not to height, the harmonic mean height 
(weighted mean) was calculated. Arithmetical mean heights are shown 
to be unusable for purposes of intercomparison, because such mean values 
contain a systematical error (yielding too great a height) proportional to 
the square of the accidental observational error; in an actual observational 
series the systematic error is found to be from 3 per cent (Arizona) to 11 
per cent (American Meteor Society, Leonids, point of appearance) of the 
height itself, thus by no means a small quantity. 

Technical details referring to systematic and accidental errors in the 
recorded lengths of the trail and in the magnitudes were investigated. 
The magnitudes were reduced to a certain standard system. Also, as a 
basis for the different correlations, zenithal magnitudes were used; these 
were calculated by applying a certain correction depending upon zenith 
distance, and consisting of a correction for distance plus a correction for 
atmospheric absorption. The zenithal magnitude is a substitute for the 
absolute magnitude; it denotes the apparent magnitude of the meteor if 
observed in the zenith of the observer, at the same height as that at which 
it actually appeared. 

The value of the Arizona heights consists not only in their great number 
and homogeneity, but also in the fact that they are distributed over all 
portions of the year, not being connected with the dates of special showers 
as in the majority of published heights. Sporadic meteors represent about 
80 per cent of the whole material; the “‘major showers’ contribute only 
about 7 per cent of the material. Such a circumstance is especially favor- 
able for the investigation of the different correlations of height with geo- 
centric direction of motion, luminosity, hour of the night, time of the year. 
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etc. All of these effects were found by a method of successive approxi- 
mations. 

The individual radiants of the meteors as determined from the inter- 
section of the two observed paths are of little value, with a distance as 
small as ours between the two stations, and with a probable error of +8° 
in the observed direction.” Instead of the individual radiants, for the 
purpose of classifying the meteors according to mean geocentric direction, 
certain mean points of radiation, depending upon the observed apparent 
direction of motion of the meteor, were assumed. Evidently the radiant 
of a meteor must lie on the backward prolongation of its path, between 
the point of appearance and the horizon. Upon certain plausible assump- 
tions we find that the mean point of radiation must lie about halfway 
between the horizon and the point of appearance. The actual position of 
the mean radiant, for a given direction, was calculated; the individual 
positions of the true radiants must exhibit a compara'ively small spread 
around the mean point of radiation. In any case, the mean point of radia- 
tion, for a given direction, may serve excellently as argument for investi- 
gating the influence of geocentric direction of motion upon height. 

The statistical analysis led finally to the establishment of different corre- 
lations as described below. All heights quoted are counted from the 
mean level of the observing stations which is 1.9 km. above sea level. 

The notations as used below are: H,, the harmonic mean height of the 
center of the trail; a:, the angular distance of the apparent radiant from 
the orbital apex of the earth, i.e., the angle formed by the direction of the 
relative motion of the meteor and the direction from the apex (the average 
relative velocity of the meteors is correlated with a, the velocity being the 
largest for a: = 0° when the meteor meets the earth, and the smallest for 
a, = 180° when the meteor overtakes the earth); m,, the zenithal mag- 
nitude; 2;, angle of incidence of the meteor, or zenith distance of the 
radiant. 

The following table represents the influence of the direction of the rela- 
tive motion upon the mean height. The data were reduced to standard 
conditions with m,, 2.3; midnight; mean of the year; and 2;, 45°. All 
meteors were used, and the tabulated heights were read from a smoothed 
curve. 

TABLE 1 
MEAN HEIGHT OF CENTER AS FUNCTION OF @ 


a 0° 30° 60° 90° 120° 150° 180° 
H. (km.) 99.0 97.3 91.7 84.6 80.4 77.4 75.8 


Thus, meteors which meet the earth are vaporized 23 km. higher than 
those overtaking the earth; the greater height of the former is a direct 
consequence of their greater relative velocity and kinetic energy, so that 
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a smaller air mass encountered is sufficient to produce vaporization of the 
meteor. 

Further, a ‘‘night effect,” which is probably real, is revealed by the data: 
for meteors of constant a, m, and z;, the average height is found to de- 
crease by 0.30 + 0.09 (p. e.) km. per hour during the night. 

Table 2 gives the actual normal data from which the night effect (mean 
of the year) was derived by a least-square solution, with a, 78°; m,, 2.3; 
z;, 45°. All meteors were used. 


TABLE 2 


NorRMAL HEIGHTS OF THE CENTER FOR DIFFERENT HOURS OF THE NIGHT 


Mean local time 19.5 21.5 23.5 1.5 3.0 4.5 All 
H, (km.) 88.8 87.1 86.8 87.3 85.6 84.8 86 .82 
P. e. (km.) +0.8 +0.5 +0.5 +0.5 +0.6 +0.8 +0 .23 


Most probably the effect is due to nocturnal cooling of the upper atmos- 
phere by radiation. The nocturnal cooling must evidently be balanced 
by an equal amount of solar radiation absorbed at day time. A value of 
the mass coefficient of absorption for solar radiation of the order of 0.02 
cm.?/g. is sufficient to explain the observed effect, whereas the total amount 
of diurnal heat transfer in the upper atmosphere may be less than 2 per 
cent of the diurnal insolation upon a horizontal surface. 

A very conspicuous magnitude effect, or an influence of luminosity upon 
the height, is found. For meteors of constant direction of motion, velocity 
and angle of incidence, the change of height per magnitude is: 


for the point of appearance, —0.32 + 0.30 (p. e.) km./mag. 
for the center of the trail, +1.41 + 0.20 km./mag. 
for the point of disappearance, +3.32 + 0.22 km./mag. 


Here a plus sign means an increasing height with increasing magnitude, 
i.e., with decreasing luminosity. The above figures indicate that the 
magnitude effect consists chiefly of a progressive change of the range in 
height, found equal to 3.64 + 0.19 km./mag.,* greater luminosity corre- 
sponding to a greater range; with increasing luminosity the height of the 
point of appearance reveals little change, perhaps even a slight increase 
of the height; at the same time the range increases considerably; as a 
consequence, the height of the center of the trail, and still more the height 
of the point of disappearance, decrease with increasing luminosity. From 
the theoretical standpoint, such a kind of magnitude effect indicates that 
during the process of vaporization the heating is confined to a compara- 
tively thin layer at the surface of the meteor; there is not time enough for 
the meteor to become heated inside. 
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Table 3 contains a summary of the seasonal variation of the height of the 
center of the trail. 
TABLE 3 
SEASONAL VARIATION OF THE HEIGHT OF THE CENTER 
The height is reduced to standard conditions: a, = 78°; m, = 2.2; 2; = 45°; midnight. 


Mean date Jan. 15 Mar.19 Mayi12 July 14 Oct. 14 Nov. 21 
H, (km.) 85.1 84.1 86.0 87.3 87.5 85.7 
P, e. (km.) +1.0 +0.6 +0.6 +0.6 +0.5 +0.5 


These figures suggest an annual fluctuation of the height of the atmosphere, 
more or less corresponding to the annual temperature curve, of an ampli- 
tude 3.7 + 0.7km. The annual variation of the temperature of the upper 
atmosphere, sufficient to explain the seasonal variation in height, amounts 
to only about 50 per cent of the annual amplitude of the mean temperature 
at the surface. 

All the above results refer to meteors as a whole. Meteors belonging 
to definite showers seem to exhibit properties with respect to the various 
effects that are different from the properties of the rest of the meteors. 
Unfortunately, the number of the shower meteors upon which our conclu- 
sions are based is not very large (cf. above). The most conspicuous pe- 
culiarity of the major showers is the considerably greater range in height 
(difference of heights of appearance and disappearance), as compared with 
the ‘“‘sporadic’’ meteors. Further, the a effect runs somewhat more 
steeply for the shower meteors than for the rest, an indication of a smaller 
heliocentric velocity of the shower meteors. The median height of the 
shower meteors, however, does not differ much from the rest. 

After taking into account all the systematic influences enumerated above, 
and allowing for the known accidental errors of observation, there remains 
a residual ‘‘cosmical’’ spread in height of +8 km. (probable deviation); 
with such a probable error the height of a meteor can be predicted, knowing 
its magnitude, direction of motion and the time of appearance. The 
residual cosmical spread in height is probably chiefly due to a spread in the 
heliocentric velocities of meteors,® also to a variety in shape and chemical 
composition. 

The different results described above were examined preliminarily from 
the standpoint of a physical theory of meteor phenomena (the final dis- 
cussion will be completed later). The principal conclusions, subject to 
further revision, are summarized below: 

The magnitude effect for the point of disappearance yields a = 24.8 
+ 1.7 km., a representing the difference in height for which the atmos- 
pheric density changes in the ratio 10:1;** assuming a mean heliocentric 
velocity of 67 km./sec. for all meteors,’ the a effect (cf. table 1) yields 
an independent value of a = 24.5 + 1.2 km., in good agreement with the 
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former value, whereas a parabolic velocity (42 km./sec.) leads to the dis- 
cordant value of a = 11.5km. This fact we may consider as an indirect 
confirmation of the average hyperbolic velocity, and of the extra-solar 
origin of the majority of meteors, in agreement with direct determinations 
of velocity.® 

The approximate equality of height of the shower meteors (doubtlessly 
solar) and of the sporadic meteors (mostly extra-solar), in spite of the 
probable difference in their velocity, may be explained by the difference 
in their composition, shower meteors being mostly stones, sporadic meteors 
mostly irons (a suggestion apparently confirmed by the existing scarce 
spectroscopic evidence,® as well as by the difference in the observed range 
in height). 

As to the structure of the upper atmosphere (at about 90 km. height), 
the value of a found here would require a temperature of about +100°C. 
with the same average molecular weight as at sea level, or a lower tem- 
perature with a somewhat smaller molecular weight (due perhaps to 
ionization, and dissociation of the atmospheric gases). For t = —30°C. 
(temperature of radiative equilibrium with the surface of the earth), the 
molecular weight should be about 0.65 of the sea level value. In any case, 
a hydrogen atmosphere as postulated by several physicists cannot come 
into the question at all, at least to a height of about 130 km. 

* The p. e. in range is comparatively small, because the heights of the two end-points 
are not quite independent. 

°F ALN. T; P, and sea level composition of the atmosphere, a = 18.4 km. 

1H. Shapley, E. Opik and S. L. Boothroyd, Proc. Nat. Acad. Sci., 18, 16 (1932); 
Harv. Repr. 74. 

2E. Opik, Harv. Circ. 388 (1934). 

3 E. Opik, Harv. Circ. 389 (1934). 

4S. L. Boothroyd, Harv. Circ. 390 (1934). 

5 E. Opik, Harv. Circ. 391 (1934). 

6 P.M. Millman, Harv. Ann., 82, 170-171 (1935). 














VoL. 22, 1936 GENETICS: A. W. BELLAMY 531 


INTER-SPECIFIC HYBRIDS IN PLATYPOECILUS: ONE 
SPECIES ZZ-WZ; THE OTHER X Y-XX 


By A. W. BELLAMY 
THE UNIVERSITY OF CALIFORNIA AT Los ANGELES 


Communicated August 8, 1936 


It is the purpose of this paper to report in brief form results obtained 
from certain crosses made about two years ago to test the genetic possi- 
bilities of the sub-tropical fish Platypoecilus variatus. The data are pre- 
sented with but passing mention of the literature on the complicated and 
confused field of sex determination and differentiation in fishes. This has 
been done in the interest of brevity and for the reason that it will be neces- 
sary shortly to go over this ground in detail when the records from a con- 
siderable number of recently made matings are available for further 
analysis. 

In the group of fishes to which Platypoecilus belongs we find that P. 
maculatus is heterogametic for sex-determining factors in the female 
(Bellamy, 1922, 1924, 1928; Fraser and Gordon, 1929). Lebistes reticulatus 
(Winge 1930, 1934, et al.) and A polocheilus latipes (Aida, 1921, 1930, 1936) 
appear, ordinarily, to be heterogametic in the male, but occasional speci- 
mens may exhibit a typical poultry type of sex determination. In Xipho- 
phorus helleri there is still uncertainty about which sex is heterogametic. 
Because of its genetic behavior in the crosses described below, P. variatus 
is considered to be heterogametic in the male. Kosswig, 1935, also states 
definitely that P. variatus is heterogametic in the male. 

The crosses between P. variatus and P. maculatus, described below, in- 
volve reciprocal matings between the two and backcrosses to both parent 
’ species. Since fertility is demonstrated in all of these types of crosses and 
since P. maculatus is heterogametic in the female while P. variatus appears 
to be heterogametic in the male, there is presented a favorable opportunity 
for studying the nature and perhaps the evolution of sex determining and 
differentiating mechanisms in this group of fishes.’ 

Results from the matings pertinent to this report are presented in tables 
1-4, where it will be noted that some of the data (table 1) resemble certain 
unisexual progenies described by Winge (1934) in Lebistes and in connec- 
tion with which he offers the conclusion that sex chromosomes have be- 
come autosomes and vice versa. 

All of the available data are presented in the tables and text notes so 
that the reader may apply to them his favorite hypothesis with a minimum 
of effort. In this presentation we have adopted the conventional symbols 
used in describing the Drosophila and Poultry types of sex determination. 
It is to be emphasized, however, that the notation is entirely formal and 


oe = 
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takes no account either of the possible nature or number of possible factors 
concerned in the determination or differentiation of maleness and female- 
ness. With respect to this group of fishes, furthermore, there are no data 
beyond the analogy of genetic behavior, that to my knowledge will justify 
the identification of sex determining factors with any morphologically 
recognizable element of the cell. 

With these limitations in mind we adopt the following symbols: 


og 2 


variatus | aa C.F 
maculatus ZZ WZ 


M, = maculatus Z-chromosome associated with gene for pulchra. 
M+ = maculatus Z-chromosome associated with gene for wild type. 
V = variatus X-chromosome. 

Y = variatus Y-chromosome. 

O = maculatus W-chromosome. 


Wild-type in these crosses refers to a fish that is an olivaceous gray with 
numerous scattered micro-melanophores. In my earlier publications it 
was called “‘white.’’ Gordon prefers the term “‘stippled.’’ In general, 
the term wild-type is used as it is in connection with Drosophila. 


TABLE 1 
MACULATUS oc X VARIATUS Q 
(PULCHRA) : 
MpMp 2 TY 
young born 119 
matured rot 
118 0 
M,V 


The variatus specimens in this laboratory are marked with two or three 
narrow black lines of pigment in the lateral line region. None of them 
show the scattered spots indicated in Fig. 1, p. 120, Kosswig, 1935. Fried- 
man and Gordon (1934, Fig. 10, p. 450) have published a photograph of 
P. variatus similar to those used in this work except that my specimens do 
not show the scattered spots. Caudal patterns and one or more parr- 
marks may or may not be present. As they get older, about eight to fifteen 
months, certain specimens take on a yellowish golden cast. I have no way 
of knowing the genotype of the original specimens, but the local fancier 
who presented them to the laboratory stated that they were first genera- 
tion offspring from material recently imported from Mexico. 

The male listed in table 1 as the maculatus parent has been used in a 
number of matings with females of his own species and in every instance 
proved to be homozygous for the dominant sex-linked character, pulchra 
(spotted). Four of the male offspring listed in the unisexual progeny of 
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this mating were mated: two of them to wild-type maculatus females 
(table 2) and two of them to variatus females (table 3). Of the 113 young 
born in the two matings (table 2) records of sex are available on 101. It 
will be noted that the wild-types make up about one-fifth of the progeny. 

As regards color patterns it may be noted that the wild-type offspring 
listed in table 2 resemble maculatus more than variatus. The fact that 
they fail to show variatus markings, and, in terms of the hypothesis used, 
have the genotypes M@+V and VO, furnishes the basis for assigning the 
genotype M+Y to the variatus marked offspring listed in table 4, and 
M+ V to those without the variatus striping. If we are correct in assign- 
ing the genotype /+ Y to the variatus-like hybrids of table 4, it is an ob- 
vious assumption that the striped pattern of variatus is associated with 
whatever is represented by ‘“Y-chromosome.”’ In order to account for the 
maculatus-like appearance of M+V males and VO females (table 2) 
which do not show striping, and the presence of striping in P. variatus 
females, we would have then to make several additional assumptions. 
Since they will be obvious to any geneticist and especially since they can- 


TABLE 2 
MACULATUS-VARIATUS ct X MACULATUS 9 
(DARK PULCHRA) : (WILD-TYPE) 
MpV : MO 
variable pulchra wild-type 
young born 87 26 
matured of i) "of 9 
33 49 9 10 
M,M; M,O MV VO 


not be checked by the data now available their discussion is reserved for a 
later time. 

As in many other fish hybrids the pigment patterns are much intensified. 
Where a typical pulchra in maculatus is a “‘salt and pepper”’ sort of pattern 
and would not in any sense be described as a black fish, the hybrids labeled 
as M,V (tables 1 and 3), while somewhat variable, are predominantly 
black. The genotypes designated @,M+ and M,O (table 2) are highly 
variable, ranging from many typical pulchra-like individuals to a few 
almost completely black. On the whole, however, the females, M@,O are 
less black and more pulchra-like; the males more or less intermediate 
between typical pulchra and the blacker /,V hybrids. 

The M,V males of table 3 are substantially identical with the M,V 
males of table 1, while the VV females are, in most cases, difficult to dis- 
tinguish by casual observation, from typical variatus females. 

The variatus male and wild-type maculatus female listed in table 4, 
produced 47 young. Thirteen matured as males without striping (17+ V) 
and ten with faint to conspicuous stripes (M+Y). Of the two females, 
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maculatus-like without stripes, both were mated to brothers. One of 
them died after producing one offspring that matured as a maculatus-like 
individual. This single offspring was mated as a female when six months 
old. At the age of eight months the anal fin was noticed in the early 
stages of transformation to the male type. The fish is now thirteen 
months old, has a typical female shape and the anal fin not yet completely 
transformed. It has gone perhaps two-thirds of the way toward the male 
condition. The other female has had no young although she has been with 
a male of known fertility for seven months. 

The individual labeled as an intersex (?) was noted as being, probably, 
in a very early stage of transformation toward maleness when fifty-eight 
weeks old, and was preserved for further study. 

It may be noted further in connection with these hybrid offspring that 
the males develop very rapidly and metamorphose earlier than the males 
of either species. The age at which the males listed in table 1 matured 
varied from six to twenty weeks and averaged 11.9 weeks as compared with 
an average of 14.7 weeks (Bellamy, 1924) for maculatus. Figures are not 


TABLE 3 
MACULATUS-VARIATUS oc’ X VARIATUS 9 
(DARK PULCHRA) : 
MpV 2 FT 
dark pulchra wild-type 
young born 52 70 
matured “e g rot _ 
49 0 0 69 
MpV VV 


available for the age at which variatus males metamorphose. Also the 
hybrid males are conspicuously more active than the males of either species, 
but hybrid females are not noticeably more active or “nervous” than 
females of the parent species. 

The idea that P. variatus is heterogametic in the male applies with reason- 
able consistency to all of the available data. The fact that a unisexual 
progeny is produced from the mating, maculatus male X variatus female, is 
expected since both male and female are regarded as homogametic. The 
fact that all of the offspring are male requires additional assumptions. It 
is tempting to postulate a sex differential associated perhaps with the Z- 
chromosomes of maculatus and the Y-chromosome in variatus that is effec- 
tive in determining maleness while the W-chromosome of maculatus and the 
X-chromosomes of variatus are associated with a differential toward female- 
ness. From the tables it is seen that all individuals labeled as receiving the 
maculatus W-chromosome (symbol O) are female in the presence of an 
additional variatus X- or maculatus Z-chromosome. Also those individuals 
that are labeled as receiving a maculatus Z-chromosome (symbol M, or 
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M+) are male in the presence of an additional maculatus Z- or variatus X- 
chromosome. The sex of the genotype YO is uncertain, but the prediction 
is ventured that, if viable, it will prove to be female. 

After attempting to understand the intricate theoretical structure and 
its necessity that Winge (1934) and Kosswig (1935) have erected upon 
their data to account for sex determination and differentiation the writer 
is more than ever inclined to postulate a single sex differential, which, 
whether existing in one or many places in the cell, prejudices development 
in an organism in the direction of maleness or femaleness. So far as the 
communication of ideas is concerned such a process of sex determination 
can be compared to the dissociation of an amphoteric electrolyte in which 
the dissociation curve is sharply inflected at the isoelectric point. Such a 
mechanism leaves for the sex differential, whatever its nature may be, or 
wherever, inside or outside the organism, it may exist, only the task of 
shifting the analogous equivalent of the isoelectric point definitely in one 
direction or the other. It provides for environmental and seasonal shifting 


TABLE 4 


VARIATUS o' X MACULATUS 9 
: (WILD-TYPE) 


: M,O 
young born 47 
matured stripes no stripes intersex (?) 
rot 9 ro 9 
10 0 13 2 1 
M+Y M+V vo YO 


of sex ratios in connection with altered temperatures, physiological states, 
etc. It rationalizes all degrees of inter-sexuality, and we may remark in 
passing that some degree of inter-sexuality appears to be the rule rather 
than the exception, at least in those organisms that have been the objects 
of close observation. It may be argued of course that such a theory ac- 
counts for too much, lacks definiteness and demonstration. However, this 
may turn out to be, it has the advantage of simplicity, as such things go in 
biology, and the general type of mechanism postulated is one of the most 
universal and characteristic features of living creatures. 

In the present instance it may be assumed that the sex differential as- 
sociated possibly with the Z-chromosomes of maculatus and the Y-chromo- 
somes of variatus shifts the analogous equivalent of the dissociation curve 
toward the male direction. Similarly the sex differential associated with the 
W-chromosome of maculatus and the X-chromosome of variatus shifts 


differentiation in the direction of femaleness. 

Although this type of theory appears to the writer to be fundamentally 
sound it is realized that many gaps need to be filled in and it is therefore 
not urged further this time. 
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1 The distinction between sex determination and sex differentiation is emphasized 
here for the reason that it is, as yet, not at all clear to what extent an explanation of the 
erratic sex ratios appearing in the several species of these fishes is to be sought in con- 
nection with determination as such, or with differentiation. 


DEVELOPMENT OF EYE COLORS IN DROSOPHILA: TRANS- 
PLANTATION EXPERIMENTS WITH SUPPRESSOR OF 
VERMILION 


By G. W. BEADLE AND Boris Epurussi! 


WiiiiaM G. KERCKHOFF LABORATORIES, CALIFORNIA INSTITUTE OF TECHNOLOGY, 
AND INSTITUT DE BIOLOGIE PHYSICO-CHIMIQUE, PARIS 


Communicated August 5, 1936 


The vermilion eye color character in Drosophila melanogaster has been 
shown, by studies of mosaics (Sturtevant*) and by transplantation experi- 
ments (Beadle and Ephrussi*), to be dependent on the genetic constitution 
of parts of the body other than eye tissue. Thus if a vermilion (v) eye disc 
is transplanted to a wild type host, an eye develops which has the pigmen- 
tation characteristic of a genetically wild type eye. The recessive mutant 
suppressor of vermilion (su-v, 1-0.0; known not to be a duplication of the v 
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locus, Schultz and Bridges‘) is of such a nature that a fly homozygous for 
su-v and for v is but slightly different from wild type in eye color. Since it 
is clear that a genetically v eye can become phenotypically wild type if a 
diffusible substance which has been called v+ substance,’ acts on it, it is of 
particular interest to determine the characteristics of a suppressed ver- 
milion fly. For example, is the »*+ substance present in such a fly? 

By means of the transplantation technique (Ephrussi and Beadle‘), a 
series of experiments were made, designed to answer the above and similar 
questions and to supplement the information obtained by Schultz® in 
studies of mosaics involving su-v. Transplantation operations were made 
on flies in the late larval stage, generally within 12 hours of pupation.’ 
In all determinations control transplants were made, e.g., v in v and su-v v 
in su-v v served as controls for su-v v in v experiments. 

In the study of mosaics made by Schultz* it was found that a su-v w* v 
(w* — apricot eye color) sector in an eye of a fly otherwise of the genetic 
constitution su-v w’ v/v Mn (Mn — Minute bristles) shows w* v pigmenta- 
tion, that is, under these conditions suppressor of vermilion does not sup- 
press the v character in the eye tissue. The first series of experiments 
described here have to do with this same problem, the pigmentation of a 
su-v v eye when grown inavhost. From table | it can be seen that an eye 
disc of the constitution su-v v transplanted to a v host gives an eye with 
pigmentation of the su-v v phenotype. Under these conditions, then, the 
pigmentation of the eye is not modified by being grown in a host of a dif- 
ferent constitution. The question at once arises as to the cause of the 
difference in behavior of su-v in mosaics and in transplantation experi- 
ments—dependent development of pigmentation in mosaics and indepen- 
dent or autonomous development of pigmentation in the transplanted eyes. 
The experiments of Schultz* on mosaics were repeated and confirmed, and 
the transplantation experiments were made several times so that it is quite 
clear that there is a real difference. Three possibilities may be suggested 
to account for this difference : (1) a difference in constitution with respect 
to genes other than su-v and v in the two types of experiments, (2) a differ- 
ence in the time during which the two genetic types of tissue are able to 
interact and finally (3) a difference in behavior between sectors of eyes 
(mosaic experiments) and whole eyes (transplantation experiments). 
Data from experiments made to deterrnine whether the presence of w* in 
the implant, or whether w* in heterozygous condition or Mn in the host 
have anything to do with the difference in results are summarized in table 1. 
They show that these variations in the genotype of implant and host have 
no influence on the results. It therefore seems improbable that differences 
in genetic constitution with respect to genes other than su-v and v are 
responsible for the observed difference in behavior. Between the second 
and third possibilities listed above, there is no satisfactory way of distin- 
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guishing from the transplantation experiments. However, Schultz (un- 
published*) has observed a single mosaic individual of the constitution 
given above for the mosaic experiments in which one entire eye was pre- 
sumably of the constitution su-v w* v. In this case the phenotypic appear- 
ance of the eye was light apricot (not w*v). In this fly the apricot eye was 
somewhat smaller than normal and for this reason there is some question 
as to whether it was comparable to the sectors which were w* v in appear- 
ance. However, this single individual does favor the view that there is a 
difference in the behavior of whole eyes and sectors of eyes under the condi- 
tions of these experiments. Obviously additional experimental evidence is 
desirable. 


TABLE 1 


DATA FROM TRANSPLANTATION EXPERIMENTS INVOLVING su-v. UNDER THE HEADING 

‘“‘NUMBER OF INDIVIDUALS”? ARE GIVEN THE FouR SEX COMBINATIONS AND THE TOTAL 

IN THE FOLLOWING ORDER: FEMALE IN FEMALE, FEMALE IN MALE, MALE IN FEMALE, 
MALE IN MALE AND TOTAL 


NUMBER OF PHENOTYPE PHENOTYPE 
IMPLANT HOST INDIVIDUALS OF IMPLANT OF HOST 
Su-v v v 11, 6, 6,2; 25 su-vv 
su-v w* v v 0,0,8,7; 15 su-vw*v 
Su-v v v (Mn/+) 2,0,6,0; 8 suvy 
su-v w* v v (Mn/+) 0,0,4,0; 4 su-vw*v 
Su-v v v (w*/Mn) 3,0,2,0; 5 su-vyu 
su-v w* v v (w*/Mn) 0,0,11,0; 11 su-vw*v 
SUu-v V = 3,4, 1,2; 7 + 
Su-v v cn 4,3,1,0; 8 + 
v SU-V D 5, 4, 4,6; 19 slightly darker than v 
wv Su-v v 1,2,1,3; 7 w?® (lighter ?) 
v suvw'cvtf 2,1,0,0; 3 + 
v SU-V CN 8,2,1,5; 16 + 
cn SUu-v 2,0;0,0; 2 cx 
w Ch SU-V U 1,0,1,0; 2 darker than w* cn 
su-v w* cH + 0,0,5,4; 9 w* (light) 
su-v cn (2 discs) w*v 10, 4, 2: oe w® (light) 
su-ucn(ldisc) wv 8:4. 12:2: 26 -om w® (light) 


In comparing su-v v and wild type control implants, it was observed that 
su-v v implants differ from wild type implants in the direction of v. The 
difference appears to be more marked in the implanted eyes than in the 
normal eyes of the two types. Transplants of su-v v eye discs grown in wild 
type hosts (table 1) show that, under these conditions, the su-v v discs give 
rise to eyes with pigmentation like that of wild type. Similarly su-v v 
implants grown in cinnabar (cm) hosts show wild type pigmentation. It 
has been shown previously* that a v implant grown in a cn host gives wild 
type pigmentation. 

The development of su-v v eye discs transplanted to v, to cn and to wild 
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type hosts suggests that a fly of the constitution su-v v may be intermediate 
between vermilion and wild type in the amount of v+ substance formed, 
that is, some is formed but less than in a wild type fly. This possibility 
can be tested by implanting v discs in su-v v hosts. The results of such 
experiments are summarized in table 1. It is seen that v discs grown in 
su-v v hosts do have their pigmentation slightly modified in the direction of 
wild type. Similar experiments with w* v implants show a clearer modifi- 
cation of the implants, a result in agreement with independent evidence 
showing that a w* v implant is a more sensitive detector of a small amount 
of v*+ substance than is a v implant (Ephrussi and Beadle’). 

It is known? that a cn eye disc transplanted to a wild type host gives an 
eye with pigmentation like that of wild type. It is of interest to determine 
the effect of a su-v v host ona cn implant. Data in table 1 show that a cn 
implant gives an eye with cn pigmentation but that a w* cn eye implant 
has its pigmentation modified in the direction of w* (from w* cn toward 
w* cn*). This indicates that a su-v v fly produces a small amount of cnt 
substance, enough to produce a detectable effect on w* cn but not sufficient 
to appreciably modify a cn implant. 

A series of tests have been made to determine whether su-v flies with the 
normal allelomorph of v show any differences, when used as implants or 
hosts, from flies carrying the normal allelomorph of the su-v gene. The 
results of such tests (table 1) can be summarized as follows: 

1. A su-vv* host has the same effect on a v implant as does a straight 
wild type host (v in su-v w* cv tf in table 1); the implant shows wild type 
pigmentation. 

2. <A su-v cn host has the same effect on a v implant as does a cn host; 
the implant shows wild type pigmentation. 

3. An implant of the constitution su-v cn modifies the normal eyes of a 
a v host in the same way as does a cn implant.* 

4. A su-v wa cn implant develops wa pigmentation when grown in a 
wild type host in the same way as does a w* cn implant. 

It can be concluded that, so far as these experiments go, the su-v gene 
in the presence of the normal allelomorph of v, results in no change in the 
fly, that is, su-v v* is equivalent to su-v+ v* in all the experiments. 

In a previous paper® a tentative scheme concerned with the relation to 
each other of three diffusible substances concerned with eye pigmentation 
was proposed. This scheme assumes that a chain relation of some kind 
exists. ‘This may be schematized in the following way: 

ca* substance —> vt substance —> cn* substance 
The experiments with su-v have a bearing on only the last two steps of this 
chain. It is assumed that in a v fly the step from ca* substance to vt 
substance is interrupted and that a v fly therefore lacks both v*+ and cn* 
substances. The evidence presented in this paper is consistent with the 
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assumption that the mutation su-v+ —~> su-v results in a change such that in 
a v fly the step leading from ca*+ substance to v+ substance is partially re- 
stored, that is, a su-v v fly has both v+ and cn*+ substances (presumably in a 
fly of such a constitution there is no block to the formation of cn* sub- 
stance once v* substance is formed) but in reduced amounts as compared 
with wild type. This interpretation is consistent with the fact that a 
su-v.v fly shows pigmentation intermediate between vermilion and wild 
type. On the basis of the above considerations one should be able to pre- 
dict the type of pigmentation resulting from the interaction of su-v and cn. 
In a cn fly the change leading to the formation of cn* substance is in some 
way prevented. The su-v gene in the presence of v results in a partial 
restoration of the reaction or reactions leading to the formation of vt 
substance but has nothing to do with the change v*+ substance —» cn*+ sub- 
stance. It should therefore follow that a fly of the constitution su-v cn 
should lack, as does a su-v*t cn fly, cn* substance and should therefore show 
cn pigmentation. In order to determine the relation of su-v and cn, two 
stocks were made up, one su-v cn in constitution, the other su-v w* cn. 
Phenotypically flies of these constitutions appeared to be identical with 
straight cn and w* cn flies. This result is in agreement with the expecta- 
tion based on the proposed scheme; su-v does not suppress the cn character. 
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GROUPS CONTAINING A RELATIVELY LARGE NUMBER OF 
OPERATORS OF THE SAME ORDER 


By G. A. MILLER 


DEPARTMENT OF MATHEMATICS, UNIVERSITY OF ILLINOIS 
Communicated July 24, 1936 


When the p” powers of the operators of a group G of order p”, p being a 
prime number, generates a subgroup H of order p” which includes the com- 
mutator subgroup of G and every operator of G which does not appear in H 
is of a larger order than the largest operator of H then it results that all the 
operators of G which are not in H are of order p* + ', p* being the order of 
one of the largest operators which appears in H. When G is abelian and 
a > 0 then m = (a + 1) n/a since all the invariants of G are then equal 
to p* * ‘and hence all the invariants of Hare equal to p*. This results from 
the fact that the p” powers of all the operators of a group of order p™ are 
contained in its ¢-subgroup. When G is non-abelian there is no such sim- 
ple general relation between m and but it is not difficult to prove that m 
is finite then also whenever 1 is a given finite number. 

To prove this theorem it may first be noted that the number of operators 
in a complete set of conjugates of G is finite since ” is supposed to be finite 
and that G cannot contain an abelian subgroup of infinite order since the 
operators of order p in an abelian group whose order is a ‘power of p generate 
a group of order p™ when a; is the number of the independent generators of 
this abelian group. The subgroup composed of all the operators of G 
which are commutative with one of its non-invariant operators has a larger 
central than G has and its index under G cannot exceed p”. If this sub- 
group is abelian the order of G is clearly finite. If it is non-abelian its 
operators which are commutative with one of its non-invariant operators 
constitute a subgroup whose index under G cannot exceed p” and whose 
central is larger than the central of the given non-abelian subgroup. After 
a finite number of such steps we therefore arrive at an abelian subgroup and 
hence it has been proved that whenever the p powers of the operator of a 
group of order p”, p being a prime number, generate a finite subgroup which 
includes the commutator subgroup and is such that each of the remaining opera- 
tors of the group is of a larger order than the order of the largest operator in this 
subgroup then m is finite. 

When p = 2 then the subgroup generated by the squares necessarily 
contains the commutator subgroup of G since the quotient group with re- 
spect to this subgroup involves no operator whose order exceeds 2 and there- 
fore it is abelian. Hence it results from the preceding theorem that if in a 
group of order 2” the squares of the operators generate a finite subgroup 
such that each of the remaining operators of the group is of a larger order 
than the largest operator of this subgroup then m is necessarily finite. 
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In the special case when m = 1 the cyclic group of order p* can clearly be 
used for G and this is the only possibility when p is odd. When p = 2 and 
n = 1 the quaternion group can also be used forG. When = 2 and His 
non-cyclic all the operators of H are invariant under G since the operators 
of order p? in a group of order p* generate only one subgroup of order p. It 
therefore results that the order of G can then not exceed p4 whenever p is 
odd. When p = 2 it follows from the direct product of the two quater- 
nion groups that the order of G can be as large as 64. In fact from such 
direct products it results that it is possible to construct an infinite system of 
such groups in which m = 3n, where m may represent any natural number. 
We proceed to prove that the order of G cannot exceed 64 when p = n = 2. 

When H is cyclic this is obvious and hence it will be assumed in what fol- 
lows that H is non-cyclic. If the order of G would exceed 128 it would 
contain a subgroup of order 64 having an invariant operator of order 4. 
This is impossible in view of the theorem that in a group of order 64 having 
the four group for the group of its squares there are always two abelian 
subgroups of order 16 which have only this four group in common. These 
two abelian subgroups would involve eight operators of order 4 whose 
square would be the same as the square of the given invariant operator of 
order 4 and hence the group would contain more than three operators of 
order 2, which is contrary to the hypothesis. There is therefore no group 
whose order exceeds 128 which satisfies the condition that the squares of its 
operators generate the four group and that each of its remaining operators 
is of order 4. We proceed to prove that there is also no such group of order 
128 and that therefore 64 is the order of the largest group which satisfies 
this condition. 

If the order of G were 128 then each of its operators of order 4 would have 
four conjugates since it was noted above that it could not contain a sub- 
group of order 64 involving an invariant operator of order 4. Hence every 
operator of order 4 in G would appear in subgroups of order 32 composed of 
all the operators of G which are commutative with it. Such a subgroup 
would be non-abelian since it would involve only four operators of order 4 
having the same square as the given invariant operator of this order. Its 
commutator subgroup would be of order 2 and would be generated by the 
square of one of its non-invariant operators of order 4. All the operators of 
G would appear in abelian subgroups of type 2?, and when such an abelian 
subgroup is assumed to be given the group of order 32 composed of all the 
operators of G which are commutative with one of its operators of order 4 
is completely determined. 

Let s represent a non-invariant operator of order 4 contained in such a 
‘subgroup of order 32 and consider the subgroup of order 32 composed of all 
the operators of G which are commutative with s. This subgroup of order 
32 has 16 operators in common with the given subgroup of order 32 and 
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may be assumed to transform into its inverse the given invariant operator 
of order 4 of the latter subgroup of order 32. If G exists it can be obtained 
by extending the group of order 64 generated by the two given subgroups 
of order 32 by means of an operator of order 4 which is commutative with 
the product of the two operators of order 4 which are respectively invariant 
under the two given subgroups of order 32. Since this extending operator 
of order 4 could not have the same square as the operator of order 4 with 
which it is assumed to be commutative this is impossible and it therefore 
results that if a group has the property that its squares generate the four group 
and that each of its remaining operators is of order 4 then the order of the 
group cannot exceed 64. Itis known that there are at least three such groups 
of order 64. 

When the commutator subgroup of G is of order 2” then all the operators 
of order 4 whose squares are in the commutator subgroup together with its 
operators of order 2 generate an invariant subgroup of G such that each of 
the remaining operators of G is of order 4 and has a square which is not 
contained in the commutator subgroup of G. This theorem results directly 
from the fact that the quotient group with respect to the commutator sub- 
group is abelian and that the operators of order 2 in this quotient group 
generate a subgroup which involves no operator of order 4. The index of 
the given invariant subgroup under G is equal to the index of the commuta- 
tor subgroup under the group generated by the squares of the operators of 
G. When the commutator subgroup of G is of order 2 the given invariant 
subgroup belongs to one of the three infinite categories of groups which are 
characterized by the fact that each of them is composed of groups which 
separately involve two and only two operators which are squares under it.' 


1G. A. Miller, Amer. Jour. Math., 55, 417-430 (1933). 


COMPARATIVE EFFECTS OF X-RAYS AND NEUTRONS ON 
NORMAL AND TUMOR TISSUE 


By JoHN H. LAWRENCE, PauLt C. AEBERSOLD AND ERNEST O. LAWRENCE 


DEPARTMENT OF INTERNAL MEDICINE, YALE UNIVERSITY SCHOOL OF MEDICINE, Div1- 
SION OF ROENTGENOLOGY, UNIVERSITY OF CALIFORNIA MEDICAL SCHOOL AND THE 
RADIATION LABORATORY, DEPARTMENT OF Puysics, UNIVERSITY OF CALIFORNIA 


Communicated July 23, 1936 


In a previous paper! it was demonstrated that per unit of ionization, 
neutrons were approximately five times as effective as x-rays in producing a 
lymphopenia in white rats. This result was not surprising in view of the 
totally different character of the ionization produced in tissue by neutrons 
when compared with x-rays. Unlike x-rays which resemble light, neutrons 
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are swiftly moving particles of matter which are absorbed by striking the 
nuclei of atoms, an effect which is greatest for hydrogen (and therefore 
great for substances rich in hydrogen such as many biological materials), 
and results in localized and very dense regions of ionization. Figure 1 is a 
photograph of the ionization tracks produced by neutrons and gamma 
rays in a Wilson Cloud Chamber filled with hydrogen.* The very dense 
long tracks represent recoil protons which are the result of the collisions of 





FIGURE 1 
Photograph of ionization tracks in Wilson Cloud Chamber. 


neutrons with hydrogen nuclei. The finer lines in the background repre- 
sent the ionization produced by gamma rays, the result of secondary elec- 
tron emission. When compared with electrons of equal energy, protons 
are very heavy and slowly moving charged particles and hence produce 
ionization with a density of 100 to 1000 times that produced by x-rays or 
vamma rays. The photograph was taken in '/j9th of a second, and repre- 
sents qualitatively what is taking place in tissue cells exposed to the neu- 
tron rays during this period of time. 














VoL. 22, 19836 PATHOLOGY: LAWRENCE, AEBERSOLD AND LAWRENCE _ 545 


Zirkle and Aebersold,’ studying the inhibitory effect on the growth of 
wheat seedlings, found that neutrons were relatively even more effective 
than the results on rats had indicated. These apparent varying biological 
sensitivities of two kinds of material, i.e., lymphocytes and wheat seedlings, 
prompted us to. study further the effects of x-rays and neutrons on animal 
tissues. During a limited period of time, when the cyclotron was available 
for biological investigation, we have studied the relative effects of filtered 
200 kv. x-rays and neutrons on normal albino mice and on Sarcoma 180, 
an easily transplantable tumor of mice. The lethal doses for mice weighing 
20 grams were determined in addition to the effects on the circulating white 
blood cells in another group of mice. The tumor tissue was irradiated in 
vitro and then transplanted into normal susceptible mice. Failure to 


TABLE 1 


RESULTS OF IRRADIATING MICE wITH 200 Kv. FILTERED X-RAYS 


LENGTH 
OF LIFE 


AVG. WT. IN DAYS 
NO. AVG. X-RAY DOSE BEFORE AFTER 
OF W., IN AVG. DEATH, IRRADIA- AVG. 
MICE GMS. R UNITS DOSE GMS. TION DAYS REMARKS 
8 20 500, 500, 505, 541 15 9-50 17 No diarrhea; 3 devel- 
505, 556, 556, oped lesions of eyes, 
556, 556 nose and mouth 
13 19 597, 507,600, 612 13 3-39 12 3 developed diarrhea; 
600, 600, 600, 1 showed lesions of 
602, 602, 602, eyes and nose 
602, 650, 650, 
650 
4 20 707 voy 44 10-12 10.5 1 developed diarrhea 
8 18 802 802 13 3- 9 ie 4 developed diarrhea 
4 15.5 1000 1000 =138 3-10 5 All had diarrhea 


grow indicated destruction of the tumor tissue by the respective forms of 
radiation. 

In the experiments previously carried out, using white rats, the neutron 
dosage measurements were only roughly accurate. It was necessary to 
place the animals close to the source of neutrons, making it difficult to de- 
termine accurately the dosage in r units. Therefore, in the present studies 
we have used white mice and tumor tissue, these being much smaller test 
objects, making it possible to obtain quite accurate measurements of 
dosage. 

Methods.—It was the primary purpose of this investigation to determine 
the relative doses of both neutron rays and x-rays required to kill mouse 
Sarcoma 180 and to kill healthy mice. In other words, these experiments 
were concerned with dosage ratios rather than absolute values and a con- 
sideration of the relative ionization by neutrons and x-rays did not enter 
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specifically into the problem. It was a question only of comparing the 
radio-sensitivity of the tumor with that of the healthy mouse for the two 
kinds of radiation. Accordingly, for the measurement of dosage it was 
only necessary to use a procedure which yielded dosage values that could be 
relied upon as being proportional to the amounts of neutron (or x-ray) 
radiation absorbed in tissue. 
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Thus it was permissible and convenient to measure the neutron radiation 
with the same standard apparatus and procedure used in x-ray measure- 
ments. A Victoreen condenser type r meter having a thimble chamber 
with walls of tissue-like composition served for the measurements of both 
radiations. The instrument gave directly the x-ray dosages in roentgens. 
The neutron measurements were also expressed in r units, that is to say, 
. the-unit of neutron dosage was taken as the convenient and presumably 
arbitrary amount of radiation that produced the same ionization in the r 
meter as 1 r of x-rays. 
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Although knowledge of the ionization produced in the tissues by neutrons 
and by x-rays was not essential for the investigation, information in this re- 
gard was readily obtained. The walls of the dosimeter ionization chamber 
being thick and similar in atomic composition to tissue, and the dimensions 
of the chamber being small in comparison to the range of the secondary 
electrons, the ionization produced in the dosimeter by x-rays was practically 
due to an equilibrium distribution of secondary electrons from the chamber 
walls and therefore was proportional to the equilibrium ionization in tissue. 
Similar considerations indicated that the r meter gave directly equivalent 





FIGURE 3 
The cyclotron, which produces the intense neutron radiation. 


neutron dosages also, for it was probable that most of the ionization in both 
tissue and the ionization chamber was due to recoil protons having ranges 
large in comparison to the chamber dimensions. That the neutron ioniza- 
tion in the dosimeter chamber was largely an equilibrium wall effect and 
therefore that the ionization by the neutron rays in the chamber was an in- 
dication of ionization in tissue directly equivalent to that of x-rays, was 
established by the following experimental test. Observations of ionization 
by a neutron beam of constant intensity were made with the ionization 
chamber filled first with air and next with methane. The ionization in the 
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latter gas containing four hydrogen atoms to each molecule was only 20 
per cent greater than in the air, indicating that recoil nuclei originating in 
the gas were relatively small in number and that ionization was largely due 
to ionizing particles from the chamber walls. Thus the expression of neu- 
tron dosages in r units was not only a matter of convenience but was found 
also to have a certain validity. 

Figure 2 shows in some detail the arrangement for the neutron irradiation 
of the tumors and mice and for the dosage measurements. The biological 
objects were placed in a hole A in a wooden block about 5 cm. from the 
source of neutrons, i.e., a target of Be. metal bombarded by several micro- 
amperes of 5 million volt deuterons (the apparatus for generating these 
deuterons of high energy, called the magnetic resonance accelerator, or 
more conveniently, the cyclotron, has been previously described* and is 
shown in general view in Fig. 3). The thick walled wood chamber con- 
tributed to an equilibrium of radiation on the biological material. The 
cylindrical hole A in the block of wood (another at B was also used for some 
of the smaller dosages) was just large enough to accommodate one 20-gm. 
mouse and alongside a smaller cavity C was provided for the integrating 
dosimeter. The tumor particles were contained in a small cavity (equal in 
dimensions to the dosimeter ionization chamber) in a subsidiary wooden 
plug which fitted into the mouse hole A. The cylindrical wooden plug in 
its effect on radiation was substantially equivalent to a mouse, so that the 
radiation on the tumors was the same as at the center of a mouse in A. In 
other words, the arrangement was such as to insure in first approximation 
the same quality of radiation in the tumors as in the mice. 

In order to calibrate the reading of the dosimeter at C in terms of the 
r units of radiation at A, a calibrated Victoreen condenser ionization cham- 
ber was placed in the plug A in the mouse hole A and thereby the propor- 
tionality factor between A and C was readily ascertained. 

The dosimeter C, therefore, was calibrated to read directly the dosage in 
r of the irradiated tumor particles in the cavity in the wooden plug A or the 
dosage in the central region of a mouse in the cylindrical hole A. Inasmuch 
as the mouse was not small in comparison to its distance from the neutron 
source it was necessary to make correction for the variation of intensity of 
the radiation over the region occupied by the mouse. Direct observations 
of radiation intensity at various places in A (special wooden plugs with 
ionization chamber cavities off center were used) were made showing an 
angular distribution of radiation intensity in addition to the inverse square 
variation with distance and these, by interpolation and numerical integra- 
tion, led to an estimate of the average value of the total dosage through the 
body of the mouse in terms of the dosage in the central region. This cor- 
rection is clearly not accurate and herein lies a possible significant error in 
the measurements. The tumor measurements on the other hand, do not 
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involve this correction because the tumors occupied the same space as the 
calibrating ionization chamber and in all probability the physical measure- 
ments in this instance are more precise than the biological observations. 

The neutron intensity at A was about 7 r per min. per microampere of 
deuterons bombarding the beryllium target. Bombarding currents up to 
about 12 microamperes were available and accordingly the exposure times 
were not inconveniently long. Although in these first experiments we have 
not given particular attention to a possible time factor in the neutron ef- 
fects, the exposure times for the various neutron dosages were kept of the 
same order of magnitude as the x-ray exposure times which varied from 
about 2 minutes for the small dosages to fifty minutes for the largest 
amounts of irradiation. 


TABLE 2 


RESULTS OF IRRADIATING MICE WITH NEUTRONS 


AVG. WT. LENGTH OF 
NO. AVG. NEUTRON BEFORE LIFE IN DAYS 
oF WT. DOSE INR AVG. DEATH, AFTER AVG. 
MICE GMS. UNITS DOSE GMS. IRRADIATION DAYS REMARKS 
11 20 102, 110, 112,113, 119 Noloss but 8 out of 11 alive 3 mice died, 5, 
115, 121, 124, 125, slow at end of 47 37 and 39 
128, 129, 132 gain, ex- days days after ir- 
cept in radiation. 
mice that The last had 
died diarrhea 
11 18 144, 144, 145, 145, 155 6 out of 11 alive 5 mice died, 3 
146, 146, 168, 164, at end of 47 of 5 had diar- 
164, 165, 170 days rhea 
5 18 185, 191, 191, 198, 192 12 3-24 14 1 had diarrhea 
200 
6 19 281, 282, 239, 266, 260 12 4-10 7 3 had diarrhea 
296, 298 


It is hardly necessary to describe the x-ray measurements in detail inas- 
much as the procedure is established and well known. The mice were con- 
tained in a cardboard box 50 cm. from the target of a 200 kv. (constant 
potential) x-ray tube and the radiation was filtered by 0.2 mm. tin, 0.25 
mm. copper and 2.0 mm. aluminum. Under these circumstances with 15 
m.a. emissions, 32 r per min. was obtained.** The tumors, wrapped in wet 
filter paper, cellophane and a cellulose capsule, were exposed nearer the 
x-ray tube, about 36 cm. from the target giving 77 r per minute.** The 
x-ray dosages were recorded by the Victoreen r meter suitably placed 
alongside the biological specimens. 

The mice exposed to x-rays were irradiated in groups of ten, while mice 
were exposed singly to neutrons. In all of the experiments with Sarcoma 
180, tumor particles weighing approximately 8 mgm., were wrapped in 
groups of 20 in filter paper moistened with a buffered physiological solution 
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of pH 7.2 and then wrapped in cellophane. The tumor tissue was obtained 
from freshly killed animals having tumors two to three weeks of age. 
These were removed under aseptic precautions. After irradiation, the 
particles were implanted into both axillary regions of susceptible mice. 
All tumor tissue was implanted at the end of the complete exposure, the 
control tissue always being implanted last. On the average 3 hours were 
necessary for the completion of one experiment. 

Results.—In table 1 are tabulated the results of irradiating five small 
groups of animals to various dosages of x-rays. The animals receiving 800 
r or more died within a relatively short time from acute radiation intoxica- 


TABLE 3 


RESULTS OF TRANSPLANTING MousE SARCOMA 180 AFTER EXPOSURE TO FILTERED 
ROENTGEN Rays (200 Kv. 0.2 Sn + 0.25 cu. + 2 Atum. FILter-65 R PER MINUTE) 


NO. OF 
TUMOR GROWTH OF 
EXP. TRANS- DOSE IN TRANSPLANTS 
NO. PLANTS’ R UNITS PER CENT REMARKS 
4 12 Controls 83.5 (100)* 9 grew rapidly; 1 slowly, 2 did not grow 
18 1500 50 (60) 5 grew rapidly; 4 slowly, 9 did not grow 
16 3000 0 No growth 
8 18 Controls 94.5 (100)* 11 grew rapidly; 6 slowly, 1 did not grow 
16 1006 87.5 (93) 10 grew rapidly; 4 slowly, 2 did not grow 
16 1495 87.5 (93) 2 grew rapidly; 12 slowly, 2 did not grow 
14 2002 57 (60.5) 8 grew slowly; 6 did not grow 
8 2500 87.5 (40) 3 grew slowly; 5 did not grow 
10 14 Controls 100 9 grew rapidly; 5 slowly 
16 750 87 5 grew rapidly; 11 slowly 
16 2250 37 1 grew rapidly; 5 slowly, 10 did not grow 
11 14 Controls 100 11 grew rapidly; 3 slowly 
14 2000 57 8 grew slowly; 6 did not grow 
14 2800 7 1 grew slowly; 13 did not grow 
12 8 Controls 100 All grew rapidly 
14 1750 86 3 grew rapidly; 9 slowly, 2 did not grow 
10 2500 50 5 grew slowly, 5 did not grow 


* Numbers in parentheses indicate converted percentages. 


tion, nearly all of them developing diarrhea which often was bloody. The 
animals receiving the smaller doses died after a longer period of time, losing 
weight and apparently dying of starvation, secondary to injury from radia- 
tion. The results of neutron irradiation on four groups of mice is shown in 
table 2. All animals receiving 185 r or more died in a shorter or longer time, 
with occasional deaths below this dosage. Diarrhea was less common in 
the animals exposed to the higher doses of neutrons, loss of weight being 
the most striking sign. In animals exposed to the larger doses of both 
"x-rays and neutrons, there was a letent period of two or three days, after 
which the animals were obviously sick, with ruffled fur and arched backs. 
In a separate study we shall report the pathological findings in the irra- 
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Results of irradiating mice with x-rays and neutrons. 
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Curve indicating that neutrons have the same lethal effect on mice with one-third 
x-ray dose. 
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diated animals, which may shed light on the mechanism of death for the 
respective forms of radiation. Warren and Whipple‘ have shown that the 
acute x-ray intoxication from large doses is the result of rapid destruction of 
the mucosa of the small intestine, and acute destruction of the bone marrow. 
In animals dying from smaller doses, the fatal outcome is apparently due to 
inability to absorb food from a damaged intestinal mucosa. Our prelimi- 
nary pathological studies bear out this conclusion, but whether the same 
mechanism holds in the case of neutron irradiation, we cannot at present 
say. However, after irradiation with neutrons as with x-rays, degenerative 
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lesions of the spleen and small intestine develop, and the bone marrow be- 
comes aplastic. 

In figures 4 and 5 the lethal effects of various doses of x-rays and neutrons 
are compared. 192 and 260r of neutrons seem equivalent to 541 and 802r, 
respectively, of x-rays, indicating that neutrons produce the same lethal 
effect with one-third the dose. This is also indicated in figure 5, where 
the neutron scale is one-third that of the x-ray scale. 

Blood studies were carried out on a group of 30 mice, exposed to various 
dosages of x-rays and neutrons. In view of the great variability in the 
* number of leucocytes in white mice, the number of animals exposed is too 
few for quantitative analysis. However, as pointed out in the previous 
paper,’ a leukopenia predominantly affecting the lymphocytes, results from 
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neutron irradiation. In figure 6 are charted the average total number of 
white cells of three mice exposed to 102 r units of neutrons and of three mice 
irradiated with 300 r units of x-rays. With both forms of radiation, the 
greatest fal] occurs four days after irradiation. In the case of the animals 
irradiated with neutrons, the fall in the lymphocytes seems relatively 
greater in relation to the fall in the polymorphonuclears, although the data 
are too meager to place much weight on this observation. After exposure 
to these doses the number of white cells returns to a normal level after two 
weeks. 
TABLE 4 


RESULTS OF TRANSPLANTING MOUSE SARCOMA 180 AFTER EXPOSURE TO NEUTRONS 


NO. OF NO. OF 
TUMOR GROWTH OF 
EXPT. TRANS- DOSE IN TRANSPLANTS 
NO. PLANTS R UNITS (PER CENT) REMARKS 
5 20 Controls 100 All grew rapidly 
20 300 80 16 grew slowly; 4 did not grow 
18 500 39 7 grew slowly; 11 did not grow 
6 18 Controls 89 (100) 14 grew rapidly; 2 slowly, 2 did not grow 
20 340 90 (100) 18 grew slowly; 2 did not grow 
18 450 67 (75) 12 grew slowly; 6 did not grow 
7 18 Controls 95 (100)* 16 grew rapidly; 1 slowly, 1 did not grow 
18 248 95 (100) 17 grew slowly; 1 did not grow 
20 393 90 (95) 18 grew slowly; 2 did not grow 
14 465 64 (67) 9 grew slowly; 5 did not grow 
9 16 Controls 100 All grew rapidly 
20 355 55 11 grew slowly; 9 did not grow 
18 430 28 5 grew slowly; 13 did not grow 
13 14 Controls 86 (100) 12 grew slowly; 2 did not grow. (Animals 
partially immune from previous im- 
plants) 
18 575 28 5 grew slowly; 13 did not grow 
14 675 14 2 grew slowly; 12 did not grow. (3 more 
small tumors appeared at end of 4th 
week) 
14 14 Controls 86 (100) 12 grew rapidly; 1 receded; 1 did not grow 
10 565 60 (70) 6 grew slowly; 4 did not grow 


8 650 121/, (14.6) 1 grew slowly; 7 did not grow 
* Numbers in parentheses indicate converted percentages. 


In figure 7 the ratio (per cent) of the lowest absolute number of poly- 
morphonuclear cells and lymphocytes after irradiation to the number be- 
fore irradiation is plotted against the dose, with the neutron scale one-third 
the scale for x-rays. These curves show the greater radiosensitivity of 
lymphocytes to both forms of radiation, and also that neutrons produce 
roughly the same degree of leukopenia, with one-third the dose necessary 
with x-rays. ; 

In tables 3 and 4 are shown the results of the irradiation im vitro of par- 
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ticles of Sarcoma 180, followed by transplantation into normal mice. After 
implantation, the animals were examined weekly and the tumors, if pres- 
ent, were measured and charted. If there were a palpable implant at the 
end of three weeks it was considered a ‘‘take’’; likewise, if no implant were 
palpable at the end of this time it was considered negative. All of the 
animals were followed for a period of at least six weeks during which time 
most of the animals developing tumors died of cachexia or infection. The 
presence or absence of a tumor was always checked at autopsy. 
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The percentage of original cells for minimum after irradiation are plotted against r 
units. The solid dots represent lymphocytes after x-ray, the circles, lymphocytes after 
neutron irradiation. The solid squares represent polymorphonuclears after x-ray, the 
open squares, polymorphonuclears after neutron irradiation. Each point represents 
the average of three animals. The neutron scale is one-third the x-ray scale. The 
solid line represents lymphocytes, the dashed line polymorphonuclears. 


In figure 8 are plotted the percentage implants which grew against the 
various doses of neutrons and x-rays. It is evident that the lethal dose of 
x-rays for Sarcoma 180, lies somewhere between 2800 and 3000 r while the 
dose required to kill half the tumors is in the neighborhood of 2000 r. 
These results agree fairly closely with the findings of Wood,’ Packard® and 
Sugiura.? In the case of neutrons, the lethal dose seems to lie somewhere 
around 700-750 r while for 50 per cent the value is near 500 r. It was also 
generally noted that with the higher doses of neutrons the tumors grew less 
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rapidly when compared to tumors irradiated with equivalent doses of x- 


rays. Thus from the results it appears that neutrons produce the same 
lethal effect with one-quarter the x-ray dose. 


Discussion.—These experiments which have been carried out on a limited 
number of animals, do not allow us to arrive at any broad conclusions. 
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FIGURE 8 
Results of transplantation of Sarcoma 180, after irradia- 
tion with various doses of neutrons and x-rays. 


The work was done in the Radiation Laboratory during a limited period of 


time and facilities for complete biological study were lacking. In the 


studies of the lethal effects of the respective forms of radiation on normal 
animals, it is at present not safe to draw extensively quantitative conclu- 
The mechanism of death after neutron irradiation is not yet well 


sions. 
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understood. In the cases of the few animals studied bacteriologically, in 
neither group was death due to infection, and it is our belief that, like x- 
rays, neutrons cause death by tissue destruction, resulting in “‘radiation 
intoxication.’’ We hope to clear up this point in the near future by com- 
plete bacteriological and histological study of a large number of irradiated 
animals. In the colony of animals used in this study, an occasional death 
occurred spontaneously from a disease characterized by numerous small 
liver abscesses. Bacteriological study of one of these animals indicated 
that this disease fits into the pseudo-tuberculosis group and not into mouse 
typhoid. Although none of the irradiated animals had the disease grossly, 
there is no assurance that it may not have been present in a sub-clinical 
form. With these reservations in mind, the indications nevertheless are 
that neutrons will kill normal mice with one-third the dose necessary with 
x-rays. Again, in producing a leukopenia this ratio is also suggested, 
although the number of animals is too few for quantitative conclusions. 

In the relative effects on Sarcoma 180, the dosage ratio of neutrons to 
x-rays seems to be about 1:4, suggesting that on this tumor tissue, neutrons 
are relatively more effective than are x-rays. In other words, the results 
suggest that in comparison with x-rays neutrons may be more selectively 
effective on the tumor tissue.t If further studies on this tumor and other 
animal tumors bear out these indications, then we have here a new form of 
radiation, which may have important clinical applications. Other labora- 
tories will soon have facilities for the production of neutrons, and it seems 
important that the biological effects of this new form of radiation be thor- 
oughly studied. We are now planning further studies when the cyclotron 
is again available for biological investigations. 

Conclusions.—1. Per unit of ionization, neutrons are much more effec- 
tive than x-rays in destroying normal mice im vivo, and Sarcoma 180 in 
vitro. 

2. The preliminary results indicate that neutrons are three times as 
effective in destroying normal mouse tissue, and four times as effective in 
destroying Sarcoma 180 1m vitro. 


* This photograph was taken with the cloud chamber at a distance of 20 ft. from the 
Be. target of the cyclotron which emits both gamma rays and neutrons. The gamma 
rays, however, are not present in sufficient intensity to produce appreciable biological 
effects. 

** Different doses were obtained by changing the duration of exposure. 

t It may be helpful to express the results by alternative and equivalent dosage ratios, 
i.e., the tumor lethal dose divided by the mouse lethal dose for the two forms of radiation. 
Thus, for neutrons the dose required for 100 per cent killing of tumors in vitro apparently 
_ was about 750 r and the dose required to kill mice in seven days was 260 r, while on the 
other hand, the corresponding values for x-rays were found to be 2800 r and 800 r, re- 


2800 
spectively. In other words for x-rays 300 = 3.5 times the lethal dose for the mouse is 
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' : = 750 ; 
required to kill the tumor while in the case of neutron rays only 260 = 2.9 times the 


mouse lethal dose produces the same tumor effect. This comparison of dosage ratios 
indicates that neutron rays may be more selective than x-rays in their effects on this 
tumor. 
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CHARACTERISTIC TEMPERATURES IN SUPER-NOVAE 
By F. Zwicky 
NoRMAN BRIDGE LABORATORY OF PHYSICS, CALIFORNIA INSTITUTE OF TECHNOLOGY 


Communicated August 15, 1936 


A. Introduction.—Some time ago Baade and I called attention to the 
existence of certain temporary and extremely luminous objects in extra- 
galactic nebulae. We suggested: 

1. These temporary objects are individual stars which behave like giant 
analogues of common novae and which, therefore, may appropriately be 
called super-novae. 

2. The visual brightness of super-novae, on the average, is comparable 
to the brightness of the nebulae themselves. 

3. The average frequency of occurrence of super-novae is one per 
extragalactic nebula per several centuries. 

Recently the above suggestions have been verified to a great extent. 
A thorough investigation of past photographic records of temporary ob- 
jects in nebulae by Baade, as well as the discovery in January, 1936, of a 
super-nova in N. G. C. 4273 have contributed much new evidence toward 
the verification of our super-nova hypothesis. It has also proved possible 
to establish between certain physical characteristics of temporary stars a 
number of relations which enable us to satisfactorily bridge the gap be- 
tween common novae and super-novae.’ 
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In addition to the three mentioned postulates Baade and I advanced 
some preliminary calculations concerning certain specific properties of 
super-novae. From these calculations it follows that the knowledge of the 
total energy E, liberated in a super-nova outburst would throw much 
light on a number of fundamental astronomical problems. For a satis- 
factory determination of E, a fairly accurate knowledge of the distribution 
of equivalent temperatures (or rather of the radiation density) throughout 
exploding stars is necessary. Although no detailed calculations are as 
yet possible, I wish to communicate here some qualitative estimates which 
may prove helpful in clearing up certain difficulties which have recently 
been voiced by C. Payne-Gaposchkin.* 

In order to fix our ideas it is advantageous to visualize two critical 
surfaces in a super-nova. The first surface, which we shall call the boundary 
surface >, is defined by the outermost layers ejected from the nova. The 
second surface we may call the surface of separation = ,(‘‘Ablésungsflache”’ 
in German would be most descriptive). This surface defines the demarka- 
tion between the gases which are ejected into interstellar space and that 
matter which remains with the central star. Since in the late stages of a 
nova outburst this demarkation will not be unambiguous, we define 2, 
as the smallest surface which contains most of the matter remaining with 
the star. The dimensions of both 2, and 2, change in time. It will also 
be noticed that the physical conditions on neither of the two surfaces are 
accessible to direct observation. Only during the later stages of the out- 
burst 2, becomes identical with the surface of the central star and may be 
observed directly. It must be pointed out in particular that no meaning 
can be attached to such a notion as the temperature of 2,, since physical 
conditions which prevail in the neighborhood of this surface are certainly 
far different from any thermal equilibrium. On the other hand it would 
seem permissible to talk about the temperature T, at the surface of separa- 
tion. Conditions near 2, can probably be approximated by a suitably 
chosen state of thermal equilibrium. During the later stages the physical 
conditions near 2, will be analogous to those on the surface of an ordinary 
very hot star. We shall primarily be concerned with the thermal condi- 
tions on &,. 

For simplicity we assume that 2, is a sphere whose radius R, does not 
exceed 10'* cm., an estimate which would seem conservative even if the 
original star involved in a super-novae outburst is a super-giant star. 
From the fact that super-novae have appeared in unresolved neighboring 
nebulae such as N. G. C. 5253 we know that the absolute magnitude of the 
original star may in fact be fainter than M = —1. 

B. First Estimate of T,.—We notice first that the total energy E, which 
is liberated during the nova outburst is greater than the energy E,;, which 
is radiated in the form of visible light. It is necessarily E, > E,;, because 
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E,, in addition to E,;,, contains the energy of the invisible radiation, as 
well as the kinetic and potential energies of th. ejected gases. At the 
beginning of the outburst, that is, a few days before maximum luminosity, 
E, must have been present as radiation of the temperature T,, trapped in a 
relatively thin shell of the volume V around 2,. We therefore have for 
the density u, of the radiation at 2, 


u, = aT, = E,/V > 3E,/4aR2 > 3Ey/40R, (1) 


where a = 7.63 X 107 ergs/cm.* deg.4 We write R, = r, X 10'* cm. 
For the super-nova S-Andromedae it is approximately F,;, = 1.2 X 10% 
ergs and therefore 


T, > 44 X 105/73”, (2) 


C. Second Estimate of T,.—A lower limit for the total mass M of the 
ejected gases may be obtained in several ways. The most direct method 
is perhaps the following. 

We consider a spherical shell of gas of radius R which is expanding with 
the velocity v = dR/dt. Every column of unit cross-section is acted upon 
by the radiation pressure ». From the law of conservation of energy we 
then have 


Mdv/dt = 4xR%p. (3) 


If L; is the radiation which impinges on the inside of the shell it is approxi- 
mately 


pb; = L;/4rR*c (4) 
where ¢ is the velocity of light. Therefore 

Mdv/dt = L;/c. (5) 
As a lowest estimate for L; we may assume L; = 4L,;, since for every 


visible photon there is present one ultra-violet photon whose energy is at 
least three times as great (in the case of hydrogen). Inasmuch as a con- 
siderable amount of resonance radiation must be trapped inside of the 
shell we really have L; > 4L,;,. Consequently 


M > 4L,;,/(cdv/dt). (6) 


We apply this relation to the later stages of the recent and best investi- 
gated super-nova in N. G. C. 4273. This object, twenty to fifty days after 
maximum, had a luminosity corresponding to L,;, = 2.3 X 10” ergs/sec. 
No acceleration of the shell could be detected during this period, so that, 
taking into account the observational uncertainties, dv/dt < 10 cm. sec.~? 
and consequently from (6) 


M > 3.2 X 10” gr. (7) 








560 ASTRONOMY: F. ZWICKY Proc. N. A. S. 


We are therefore safe in assuming that the total mass of the ejected gases 
in the case of the mentioned super-nova is not less than MZ = 10* gr. 

We now turn around and apply (3) to the earliest stages of the super- 
nova outburst during which, in a few days, the shell is brought to a velocity 
of the order of 7 X 10° cm. sec.~'. This implies that the acceleration at 
the earliest stage must have been of the order 10* cm. sec.~? or more. 
Consequently, according to (3), the light pressure on 2, during the early 
stages is of the order 


p > 107/r,? dynes cm.~?. (8) 


Putting the radiation density u, = a7,‘, R, = 10" X r, and u,/6 < p, 
< u,/3 we get 


T, > 2.5 X 105/r,!”. (9) 


Since the super-nova in question is a considerably smaller object than 
S-Andromedae our second estimate of 7, is in good agreement with (2). 

We also call attention to the fact that from the above considerations 
we may derive a lower limit for the kinetic energy FE, of the gases ejected 
from the super-nova in N. G. C. 4273. It is 


E, = Mv?/2 > 2.5 X 10* ergs (10) 
and therefore 
E, > Eyis = 6.7 XK 10* ergs. (11) 


This result verifies our original suggestion that E,;, is by no means 
the most important loss of energy from a super-nova as has recently been 
claimed by Mrs. C. Payne-Gaposchkin. 

D. Third Possible Estimate of T,.—According to Zanstra’s theory of 
nebular envelopes the difference Am in luminosity of the central star and 
the gaseous shell is a measure of the temperature of the central star. It is 
not possible as yet to apply this method to the determination of 7, in any 
super-nova. Since no continuous spectrum could be detected in the light 
of the most recent super-nova in N. G. C. 4273 it follows that the tempera- 
ture of the central star must have been very high indeed. It would in 
fact be very surprising if 7, should be lower for super-novae than for 
ordinary novae for whose central stars temperatures of the order of 150,000 
degrees have been found. It will however be of great importance to search 
for super-novae in ‘‘nearby’’ extragalactic systems for which Am and 
consequently 7, may actually be determined directly. 

E. The Total Energy E, Liberated in Super-Novae.—As already men- 
tioned, E,;, constitutes but a small part of E,. Other energies which 
contribute materially to E, are 
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Invisible radiations. 
The kinetic energy of the ejected gases. 
The gravitational potential energy of the ejected gases. 

4. The electric potential energy, caused by the separation of oppositely 
charged gaseous clouds. The subsequent breakdown of these potentials 
plays an essential rdle in the generation of cosmic rays from super-novae. 

5. The heat content of the central star. 

From simple theoretical considerations as well as from the analysis of 
the observational data, it follows that the ratio E,/E,;, increases rapidly 
with increasing absolute luminosity of a nova. An account of these con- 
siderations will be published in another place. 

F. Final Remarks.—The estimates given in this paper for the surface 
temperatures 7, of the central star in a super-nova confirm the general cor- 
rectness of the calculations communicated by Baade and myself in our 
original paper (first limiting case of this paper). We there also suggested 
(second case) that the radiation coming directly from the outermost layers 
of the expanding gaseous envelope does not necessarily contain an excessive 
amount of ultra-violet radiation, and in this sense its effective temperature 
T, may be Jow. From this, however, it does not follow that the total 
energy liberated is E, = E,;,as has been argued by C. Payne-Gaposchkin® 
who failed to make the obvious and necessary distinction between the 
two surfaces 2, and 2,. It also seems ill advised to conclude anything 
regarding the distribution of temperature in super-novae from the char- 
acter of their visible spectra as long as a satisfactory explanation of some 
of the most important features of these spectra is completely lacking. 
In view of the meager data available at the present it will be advisable 
to await more observational data on super-novae before embarking on any 
too elaborate theories concerning these interesting objects. 


wonwe 
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INTERACTION ACROSS MODALITIES: SIMULTANEOUS 
STIM ULATION 


By CARROLL C. Pratt! 
THE PSYCHOLOGICAL LABORATORIES, HARVARD UNIVERSITY 


Communicated July 30, 1936 


By the use of interpolated stimuli in the psychophysical method of de- 
layed comparison, it has been shown that the physiological after-effect or 
trace of an interpolated stimulus has marked influence on the distribution 
of judgments.* An interpolation of high intensity produces a preponder- 
ance of judgments in the direction of decrease, whereas low intensities 
yield a preponderance in the opposite direction.” These results have been 
accounted for in terms of a formal physiological property of interaction, 
according to which it is assumed that homogeneous traces exert an in- 
fluence on one another with respect to their intensive levels. When, for 
example, the standard and comparison-stimuli are judged against a low 
intensity of interpolation, the trace of the standard is pulled downward, 
with the result that the judgments on the comparison-stimuli run io an 
excess of “‘greater.’’ With high intensities the upward movement of the 
standard trace causes ‘‘less’’ judgments to predominate.® 

Not all traces interact in the manner described above. If the inter- 
polated stimulus is from a different modality, its effect upon the distribution 
of judgments is negligible, if indeed there is any effect at all. This one 
fact alone, whatever others within the same context may eventually put 
in an appearance, makes it sufficiently clear that there are definite limits 
to the range of interaction among traces. The limits cannot yet be precisely 
set, but their existence appears incontrovertible. 

The failure to establish evidence for interaction across modalities, under 
the conditions of successive stimulation, has an important bearing on the 
theory of physiological traces.'° There is another angle to the matter, 
however, which, although not closely related to the question of traces, 
nevertheless deserves further inquiry in its own right. 

In recent years there has been an increasing interest in various quarters 
in those sensory attributes which are common to all modalities, in contrast 
to those which are unique. During the early investigations of sensory psy- 
chology the almost unavoidable practice of working within the more or 
less rigid limits set by the necessities of classification tended to obscure the 
similarities and accentuate the differences between sense departments. 
Yet in spite of their more obvious differences, it is not unreasonable to 
‘suppose that the sense departments may also have certain characteristics 
in common. 

In a number of experiments at Marburg the students of Jaensch have 
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followed the practice of introducing stimuli from other modalities during 
the observation of visual eidetic images. In working out the curve, for 
example, for size of eidetic image in relation to Emmert’s curve for size of 
negative after-image, it was found that the slope of the curve is less steep 
whenever the measurement of the images is made simultaneously with the 
sounding of a sharp noise, like a whistle. This phenomenon, however, is 
undoubtedly due to distraction rather than to direct interaction between 
two sensory processes. Of like nature are the well-known disturbances 
in threshold-values caused by extraneous stimulation. None of these cases 
offers clear demonstration of the shift of a sensory value in one modality 
as a function of a related characteristic in another modality. 

Von Hornbostel was an advocate of the view that the different modalities 
possess a greater degree of unity than is commonly admitted. He re- 
garded brightness, for example, as a sensory characteristic common to smell, 
vision and audition, and tested his belief by an experimental procedure. 
Observers were asked, and apparently found it not difficult, to equate a 
given odor to one of a series of tones with respect to brightness. A gray 
was then selected which appeared equal in brightness to the same odor. 
If, as a third step, the tonal and visual stimuli, which had been equated 
to the same odor, turned out to appear equal to each other in brightness, 
it was argued that all three brightnesses may then be regarded as phe- 
nomenally identical.* It has not been a simple matter, however, to re- 
produce von Hornbostel’s positive results. Cohen recently repeated the 
experiments, and was not only unable to secure the correct equations in 
the third step of the procedure, but found considerable individual variation 
in the equation-points.? He explained his results partly in terms of an 
occurrence which is familiar to psychophysicists who have worked with 
absolute judgments or with the method of single stimuli.'’* The value 
assigned to any sensory impression is partially determined by the position 
which it occupies in the total range of similar impressions built up in the 
past. This total range is not the same for all people; hence the position 
assigned by different observers to the same stimulus in a given continuum 
varies. The pitch of middle C, for example, if judged by itself, would 
probably sound lower to piccolo players than to players of the bass viol. 
This explanation of the discrepancy of von Hornbostel’s and Cohen’s 
results would also mean that the sensory data, to which the judgment 
“bright” is given, are not identical, but rather analogous by virtue of the 
positions which they occupy in their respective continua. It is quite pos- 
sible, in other words, that the judgments are determined by the relative 
positions of the stimuli, not by their relative brightnesses. 

Recent experiments by Zietz approach more nearly the question of mutual 
influence or interaction across modalities.12 He proceeded on the assump- 
tion that the pitch of tones, for example, will seem higher under bright 
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illumination and lower under dark, and, conversely, that visual brightness 
will decrease or increase with simultaneous stimulation by low or high 
tones. In addition to numerous casual protocols from his observers, he 
cites a few quantitative results secured by the method of limits. A series 
of tonal comparison-stimuli were judged in relation to a standard pitch of 
450 cycles. During one half of the experiment bright lights were turned on 
simultaneously with the sounding of the comparison-stimulus, during the 
other half the comparison-stimulus was presented under dark illumination. 
In view of the small number of judgments, it is questionable whether the 
data warrant statistical analysis. The author does not give any such treat- 
ment, but it is nevertheless possible to submit the data to Miiller’s process 
of calculating the method of limits. It turns out that the average point of 
equality under bright illumination for the standard of 450 for four ob- 
servers is 447.5; under dark illumination, it is 453.6. The limited number 
of observations makes it impossible to state whether the difference between 
these values and 450 is statistically reliable or not. At their face value they 
support Zietz’s contention that bright lights cause the pitch of tones to 
seem higher, and vice versa. For one observer, however, there was no 
difference, and the differences of the other three observers are at least 
questionable. 

From even this brief survey it is plain that the evidence for interaction 
across modalities, under the conditions of simultaneous stimulation, is not 
as unequivocal as one could wish. Nevertheless it is not difficult to find 
writers who argue in favor of it. Obviously the matter calls for further 
critical and experimental consideration. 

An experimental set-up, already described for the study of successive 
stimulation across modalities,’ was adapted to the examination of the ef- 
fects of simultaneous stimulation. The standard stimulus was a light of 
0.18 ml. in the form of a circle 3 cm. in diameter, produced by a lamp ona 
sliding scale in back of an opaque glass, and seen by the observer through a 
circular opening in the exposure-screen. There were five equidistant com- 
parison stimuli, separated by approximately 0.03 ml., symmetrically dis- 
tributed about the standard. The standard stimulus was exposed for 2 sec. 
After an interval of 5 sec. the comparison-stimulus was presented for 2 sec. 
During one half of the experiment the highest pitch (4000 cycles) from an 
oscillator, brought to the observer by means of ear-phones, was sounded 
simultaneously with the comparison-stimuli; during the other half, the 
lowest pitch (550 cycles) was used. The observers were asked to judge the 
brightness of the comparison-stimuli in terms of that of the standard. 
Since the standard and comparison-stimuli were always the same for all 
of the observers throughout both halves of the experiment, the differential 
effect of the high and low tones could be discovered by appropriate cal- 
culation. Twenty-five judgments on each of the five comparison-stimuli 
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were made by five observers in each half of the experiment, making thus 
1250 judgments in all. 

An influence from the high and low tones upon the apparent brightness 
of the lights would be revealed by certain consistent deviations from the 
normal frequencies of judgment. Other things being equal, on symmetrically 
distributed visual stimuli there should be about the same number of 
“brighter” and ‘‘darker’’ judgments. A simple device for stating the rela- 
tive preponderance of the categories consists in subtracting the “‘brighter”’ 
from the ‘‘darker’” judgments and dividing by the total number. This 
value is referred to in table 1 as Te (Fechnerian time-error). Now if the 
high tone causes the visual stimuli to appear brighter than usual, there 
should be a preponderance of “‘brighter’’ judgments, thus producing a 
negative Te. Conversely, an effect from the low tone should be revealed 
by a positive Te. Table 1 shows that neither of these expectations is ful- 
filled. 


TABLE 1 
Te FOR Te FOR 

OBSERVERS HIGH TONE LOW TONE 
c —0.01 —0.08 

H 0.02 —0.14 

J 0.17 0.26 

Po —0.27 —0.22 

Pa 0.01 —0.07 
Av. —0.01 —0.05 


The Te values for the high tone, in the case of three observers, hover close 
to zero, i.e., there is no effect. For the two other observers, one Je is 
negative, the other positive. For the low tone, two values of Je are near 
zero, two are negative, and one is positive. The average in the case of 
both high and low stimulation is practically the same: —0.01 and —0.05. 
There is therefore no evidence of interaction across modalities under these 
particular conditions of simultaneous stimulation, just as there was no 
evidence for it in the previous study” under the conditions of successive 
stimulation. 

It would probably not be safe to generalize too dogmatically beyond the 
limits of the present results. Yet it is not unreasonable to suppose that they 
are fairly representative of cross-modality interference in general. If 
two psychological events from different modalities are operating at a sen- 
sory level, not at some level of perceptual pattern or of meaning, it is not 
likely that they will influence each other, either immediately or in their 
subsequent trace-effects. Not only do the present experiments support 
such a view. Casual observation in every day life is of the same sort. 
That is to say, the infrequency, if not the total absence, of remarks to the 
effect that sounds and lights.have an influence on each other would seem to 





566 PSYCHOLOGY: C. C. PRATT Proc. N. A. S. 


indicate that, at best, the sensory influence across modalities is not a very 
noticeable one. How often has any one ever noticed that dimming the 
lights in a concert hall makes the pitch of the musical instruments sound 
lower? Most psychological problems, no matter how altered they may 
become through refinement of experimentation, have their origin and 
counterpart in the facts of daily occurrence. The infrequency with which 
cross-modality interference is noticed outside the laboratory would tend to 
extend the generality of its negligible effect in experiments within the 
laboratory. 
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